, On why the elderly have normal semantic retrieval but deficient episodic encoding: A study of left inferior frontal ERP activity, NeuroImage, Vol. 30, found that, compared with young adults, older adults show decreased event-related brain potential (ERP) activity over posterior left inferior prefrontal cortex (pLIPFC) in a 400-to 1,400-ms interval during episodic encoding. This altered brain activity was associated with significantly decreased recognition performance and reduced recollectionrelated brain activity at retrieval (D. Nessler, D. Friedman, R. Johnson, Jr., & M. Bersick, 2007, Does repetition engender the same retrieval processes in young and older adults? NeuroReport, Vol. 18, pp. 1837Vol. 18, pp. -1840. To test the hypothesis that older adults' well-documented episodic retrieval deficit is related to reduced pLIPFC activity at encoding, we used a novel divided attention task in healthy young adults that was specifically timed to disrupt encoding in either the 1st or 2nd half of a 300-to 1,400-ms interval. The results showed that diverting resources for 550 ms during either half of this interval reproduced the 4 characteristic aspects of the older participants' retrieval performance: normal semantic retrieval during encoding, reduced subsequent episodic recognition and recall, reduced recollection-related ERP activity, and the presence of "compensatory" brain activity. We conclude that part of older adults' episodic memory deficit is attributable to altered pLIPFC activity during encoding due to reduced levels of available processing resources. Moreover, the findings also provide insights into the nature and timing of the putative "compensatory" processes posited to be used by older adults in an attempt to compensate for age-related decline in cognitive function. These results support the scaffolding account of compensation, in which the recruitment of additional cognitive processes is an adaptive response across the life span.
(e.g., Nessler, Friedman, Johnson, & Bersick, 2007; Nessler, Johnson, Bersick, & Friedman, 2008) . Taken together, the extant data suggest that the root of older adults' episodic memory deficits lies in the failure of semantic and episodic systems to interact successfully to encode elaborate episodic memories. The aim of the present study, therefore, was to determine whether there is a causal link between reduced pLIPFC activity at encoding and deficient recollection during subsequent episodic retrieval.
One generally accepted explanation for the pattern of preserved semantic and deficient episodic memory functions in older adults is that the pool of available processing resources decreases with age (e.g., Craik & Byrd, 1982; Park et al., 1996) . Craik and Byrd (1982) and Park et al. (1996) and others have posited that, whereas retrieval requires few resources and is relatively automatic, encoding elaborate episodic memories requires resource-demanding, controlled processes. Support for this hypothesis has come from studies using divided attention (DA) tasks, which reduce the amount of resources available for encoding by diverting them to a concurrently performed secondary task (Baddeley, Lewis, Eldridge, & Thomson, 1984; Craik, Govoni, Naveh-Benjamin, & Anderson, 1996) . The results of such DA experiments on episodic encoding are striking because they show that subsequent retrieval performance in healthy young participants can be reduced to the levels typically seen when older participants retrieve memories encoded under full attention (FA) conditions (e.g., Anderson, Craik, & Naveh-Benjamin, 1998) . Moreover, Jennings and Jacoby (1993) showed that DA manipulations produced the same pattern of preserved automatic and deficient controlled retrieval processes in young adults (i.e., intact familiarity and degraded recollection, respectively) as when their older adult group encoded the materials under FA conditions. Additional data supporting a link between these behavioral changes and alterations in underlying brain activity have come from fMRI studies. These studies have, for example, demonstrated that reducing the resources available for episodic encoding processes is associated with reductions in pLIPFC blood flow in young adults down to the low levels observed when older adults encode events under FA conditions (e.g., Anderson et al., 2000) . Taken together, these behavioral and hemodynamic results support the hypothesis that processing resources decline with age, which affects the ability of older adults to encode episodic memories.
Temporal Dynamics of the Semantic-Episodic Interface During Elaborative Encoding
As reviewed above, the extant data indicate that the semanticepisodic interface, which promotes the formation of elaborately encoded episodic memories and is instantiated in pLIPFC, declines in function with age. Although the timing of the processes in this interface remains unknown, older adults' pattern of spared semantic and deficient episodic memory functions provides some insights. For example, the fact that semantic memory retrieval is relatively unaffected in older adults suggests a serial process in which pLIPFC activity remains at or near normal levels until after semantic retrieval. The well-documented decrements in pLIPFC activity in older adults would thus presumably be due to reductions in brain activity following semantic retrieval but prior to the onset or completion of elaborative encoding processes. In this formulation, age-related reductions in available resources might prevent semantic and episodic processes from interacting successfully in a number of ways. To begin, episodic encoding may depend on specific processes being enabled in advance (i.e., "encoding mode") in a manner analogous to the requirement that a person must be in the appropriate "retrieval mode" to retrieve episodic memories (Tulving, 1983) . Furthermore, there are likely to be constraints on the timing of resource availability at a number of stages within the encoding process. For example, at the earliest stages, insufficient resource availability at or shortly after onset of the event to be encoded may result in a failure to initiate the semanticepisodic interface. Assuming successful initiation, additional resources would be required continuously to maintain retrieved semantic memories in an activated state for the duration of the elaboration process. Finally, other resources would be required for the processes responsible for integrating retrieved semantic information with the event being encoded. Hence, elaborative episodic encoding would require that resources be available continuously, with even temporary disruptions having deleterious effects on a person's ability to subsequently recall these episodic memories.
Understanding the nature of the semantic-episodic interface and the moment-to-moment role of controlled processing resources in elaborative episodic encoding can only come from specifying the temporal dynamics of the processes involved. Unfortunately, the poor temporal resolution of hemodynamic techniques means that they cannot provide sufficiently detailed information about the timing of the blood flow reductions in pLIPFC associated with aging or DA manipulations. Specifically, it is not known whether older adults' altered pLIPFC activity is due to long-duration reductions in brain activity or to intervals of normal activity preceded, followed, or interspersed with intervals of reduced or no activation. Therefore, Nessler, Johnson, Bersick, and Friedman (2006) used the high temporal resolution of ERPs to study episodic encoding processes within the pLIPFC in both young and older adults. Consistent with the idea that retrieval requires relatively few resources, both groups showed equivalent behavioral performance (i.e., same accuracy and decision times) in a semanticselection task, regardless of the amount of processing required (i.e., low vs. high selection). Specifically, whereas the lowselection task in Nessler et al. (2006) required participants to decide whether a picture and word represented the same concept (i.e., a picture of a dog followed by the word dog), the highselection task required participants to judge whether an adjective described a characteristic of the presented word (e.g., the adjective heavy followed by the word feather). Their ERP results revealed two temporally overlapping patterns of brain activity over left frontal cortex. One, a long-duration negativity, which began 300 -400 ms after stimulus onset, was significantly larger for highcompared with low-selection judgments in both young and older adults. Most important, although there were no group differences in either the onset or amplitude of this "selection-related negativity," there were significant group differences in its duration. Specifically, whereas this negativity continued well past the young's responses signaling their semantic judgments, it decreased precipitously around 800 ms in the older adults and disappeared entirely by the time of their responses. A second briefer negativity (300 -800 ms), which was entirely absent in the older adults, appeared in the young as a "pedestal" on which the nearly simultaneously starting selection-related negativity was riding. The results of two independent source analyses provided strong support for the idea This document is copyrighted by the American Psychological Association or one of its allied publishers.
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that both their negativities reflected activity in pLIPFC (see Nessler et al., 2006, for complete details) . The differential timing of the two negativities in Nessler et al. (2006) suggests that they reflect different processes in the semantic-episodic interface. That is, the early onset and extended duration of the selection-related negativity is consistent with a long-duration process, such as the continuous activation of retrieved semantic memories, the elaborative encoding process, or a combination of both. The early brief negativity, by contrast, could reflect processes related to initiation of the semantic-episodic interface (i.e., enabling elaborative encoding). In this interpretation, the absence of the brief negativity in older adults would mean that their neural signal to initiate elaborative encoding was missing. If correct, this would explain why older adults' selectionrelated negativity terminated after completion of the semanticselection task rather than continuing past the response, as it did in the young. That is, with no "initiation negativity" to signal the start of elaborative encoding, there would be no need to maintain the retrieved semantic memories in an activated state after completion of the semantic-selection task.
The direct relation between the extent of elaborative processing and the amount of contextual detail incorporated into episodic memories (e.g., Craik, 2002; Gallo et al., 2008) means that the efficacy of elaborative encoding can be assessed by determining the extent of recollection during episodic retrieval. The ERP provides a wellestablished measure of recollection-related processing in the form of an enhanced left parietal positivity for correctly recognized items (old) compared with that elicited by correctly rejected items (new). Referred to as the left parietal episodic memory (EM) effect, this ERP component is maximal between 500 and 800 ms (see Friedman & Johnson, 2000; Johnson, 1995; Mecklinger, 2000; Rugg & Curran, 2007 , for reviews) and there is ample evidence that its magnitude indexes the amount of recollected information (e.g., Vilberg, Moosavi, & Rugg, 2006; Wilding, 2000) . Using this index, Nessler et al. (2007) showed that, compared with young adults, their older adults' reduced encoding-related ERP activity was accompanied by greatly reduced recognition and no significant parietal EM effect. Thus, their results support the idea that there was a failure in older adults to produce or maintain elaborated episodic memories. Consistent with these results, Curran (2004) demonstrated that the presence of a DA task during encoding in young adults abolished the parietal EM effect during subsequent retrieval. Hence, when considered in their entirety, the data suggest that the root of older adults' episodic memory deficits most likely lies in the failure of semantic and episodic systems to interact successfully to encode elaborate episodic memories.
As noted above, the magnitude of the parietal EM effect varies as a function of the amount of information recollected. Therefore, its magnitude varies widely across experiments depending on the specific encoding-retrieval conditions used, which in turn affects the young-old difference in the magnitude of the parietal EM effect. For example, item recognition paradigms generally produce large young-old differences in the magnitude of the parietal EM effect, with older adults showing anywhere from no significant amounts of recollection-related brain activity (e.g., Nessler et al., 2007 Nessler et al., , 2008 Wolk et al., 2009 ) to small but significantly reduced EM effects (e.g., Morcom & Rugg, 2004) . By contrast, young-old differences in the parietal EM effect are typically much smaller in source memory studies (e.g., Duarte, Ranganath, Trujillo, & Knight, 2006; Mark & Rugg, 1998; Trott, Friedman, Ritter, Fabiani, & Snodgrass, 1999; Wegesin, Friedman, Varughese, & Stern, 2002) . However, as meticulously detailed by Wolk et al. (2009, pp. 225-226) , such discrepant results are readily explained by the large and important differences in the encoding and retrieval conditions in these two paradigms. Given the importance of maintaining the same encoding-retrieval conditions when comparing across studies, we used the same stimuli and experimental procedures in the present experiment as were used by Nessler et al. (2006) .
Compensatory Brain Activity in Older Adults
A common co-occurrence of decreased cognitive function in older adults is the presence of additional brain activity where there is no comparable activity in the young (e.g., Cabeza, Anderson, Locantore, & McIntosh, 2002; Reuter-Lorenz & Cappell, 2008) . This extra brain activity, which researchers have often labeled compensatory, is thought to occur when older adults attempt to compensate for age-related declines in cognitive abilities by using additional processes (e.g., Cabeza et al., 2002 Cabeza et al., , 2004 Grady, McIntosh, Rajah, Beig, & Craik, 1999; Reuter-Lorenz et al., 2000) . Because these additional processes depend on neural circuits other than those typically used in the young, this has been referred to as the compensation-related utilization of neural circuits hypothesis (see Reuter-Lorenz & Lustig, 2005 , for a review). In an alternative, but similar, account known as the scaffolding theory of aging and cognition (STAC) model, older adults' additional brain activity is explained using the concept of "scaffolding." Scaffolding is the term used to describe the process in which additional (i.e., alternative) brain circuits are brought online in an adaptive response intended to enhance processing in a given task. A core concept of the STAC model is that this scaffolding process is a normal response, which can occur across the life span, when new or demanding processing conditions arise (e.g., when one learns a new task; see Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2010 , for reviews). According to this view, the extra brain activity in older adults would reflect use of scaffolding processes to "protect" their performance against the cognitive declines that occur with aging. Although there is some evidence that this compensatory activity can reflect either task-specific or general-purpose (e.g., an upregulation of attention) cognitive processes in different tasks (e.g., Park & Reuter-Lorenz, 2009 ), relatively little basic information exists about the nature or role of these processes in older adults, including any specification of the necessary and sufficient conditions for its appearance and whether it is initiated consciously or unconsciously.
Despite the basic premise that older adults evoke additional brain activity to improve their task performance, the available data on its effectiveness are mixed. Although its presence has been correlated positively with retrieval performance, or found to be present selectively in high-compared with low-performing older adults in some hemodynamic studies (Anderson et al., 2000; Cabeza et al., 2002) , this is not a universal finding. For example, other investigators have reported that the amount of compensatory activity is negatively correlated with performance (Colcombe, Kramer, Erickson, & Scalf, 2005; Nielson, Langenecker, & Garavan, 2002) or that its presence had no effect on behavior (Langenecker & Nielson, 2003) , suggesting that attempts to compensate are not always successful. Similarly, Nessler et al. (2007) found a This document is copyrighted by the American Psychological Association or one of its allied publishers.
left anterior frontal negativity in their older adult group where there was no similar ERP activity in their young participants, which had no positive effect on retrieval. Such discrepant results could, however, be expected by the fact that the efficacy of compensatory processes necessarily depends on a variety of factors, ranging from the extent to which cognitive processes are compromised to the intactness of processing performed at earlier stages (e.g., perceptual or encoding processes). For example, whereas compensatory activity may fail to increase retrieval performance after severe failures of elaborative processing at encoding, it might have positive effects on retrieval performance when encoding processes are less impacted (e.g., high-performing people). By their nature, aging studies are designed primarily to reveal which cognitive processes are compromised in older adults relative to the young and hence group (i.e., across-subjects) comparisons are used to define which brain activity is labeled "compensatory." A related aspect of these studies is that the tasks employed are tailored to the reduced abilities of older adults and thus are frequently relatively easy for young participants to perform, thereby obviating the need for the latter group to engage compensatory processes (but see Smith et al., 2001 , for a counterexample). By contrast, DA studies are designed to compromise the young's ability to perform particular tasks, thereby creating the possibility that they will engage the same or similar compensatory processes as invoked by older adults. Hence, DA manipulations could shed light on the nature and workings of these processes in older adults by revealing how, and under what conditions, compensatory activity occurs in a healthy young brain.
The Present Study
Although older adults' episodic retrieval deficit is associated with deficient levels of pLIPFC activity at encoding, the data are correlational. Thus, the extent to which altered processing at encoding can lead to subsequent episodic retrieval deficits remains unclear. Finding evidence for a causal link between these two phenomena would shed light on the nature of older adults' episodic deficit, as well as on the related phenomenon of "compensatory" brain activity. To test the strength of this link, we adopted a strategy in which a DA task was imposed during a brief temporal interval while healthy young participants performed the semanticselection episodic encoding task of Nessler et al. (2006) . Specifically, the DA task was targeted to coincide with either the early (300 -850 ms: DA1) or late (850 -1,400 ms: DA2) half of the interval when Nessler et al. found altered encoding-related ERP activity in older adults over pLIPFC. We reasoned that, if the presence of the DA task during episodic encoding produced the characteristic age-related retrieval deficit in young adults, it would provide causal evidence in favor of the hypothesis that older adults' altered encoding-related ERP activity is responsible for their subsequent episodic retrieval deficits. Moreover, by restricting the timing of the DA task, we hoped to shed light on the temporal dynamics of the semantic-episodic interface by assessing the relative impact of diminished resources on encoding processes in the early and late intervals.
To test these hypotheses, we adopted an analysis strategy in which a series of planned comparisons was used to determine the relative impact of the FA and DA manipulations (FA vs. DA1; FA vs. DA2; DA1 vs. DA2) on both behavioral and ERP measures of subsequent episodic retrieval. In accord with previous results, we hypothesized that the presence of the DA task would not affect semantic recall but would disrupt elaborative episodic encoding (e.g., Anderson et al., 1998 Anderson et al., , 2000 and, therefore, subsequent behavioral and ERP measures of recognition and recall (e.g., reduced left-parietal EM effects).
Unlike the compensation account, the scaffolding account posits that extra brain activity can be summoned across the life span when altered strategies might enhance the ability to meet task goals or deal with increases in task load, such as when impoverished encoding conditions increase retrieval difficulty (Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2010) . Implicit in the scaffolding account is the idea that compensatory activity should be present for abnormal, but not normal, processing conditions and should occur with the proper timing to assist task-related processing in a meaningful way (e.g., prior to when stimuli are categorized as old or new). Both these aspects of the scaffolding account were addressed in the present study. That is, in addition to the timing information provided by the ERP, the present experiment allowed us to determine whether individuals engage compensatory processes dynamically as retrieval difficulty increases, without having to resort to the between-groups comparisons (e.g., young vs. old, high performers vs. low performers) used in previous studies. Based on finding possible compensatory activity in older adults over anterior LIPFC (aLIPFC) during episodic retrieval in Nessler et al. (2007) , we predicted that retrieval-related compensation would appear over left frontal scalp under DA conditions.
To eliminate the need to run an older adult group for the purpose of replicating further their well-documented pattern of preserved and deficient memory, all relevant task, stimulus, and recording procedures used in the present study duplicated those used by Nessler et al. (2006 Nessler et al. ( , 2007 . In this way, the effects of the DA manipulations on memory function in young adults are directly comparable to those of our previous studies employing both young and older adult groups. Hence, the behavioral and ERP results from those reports are included here for comparison with those obtained from the present young adult group.
Method Participants
Eighteen young adults (12 women) with a mean age of 21.7 years (range 21-27 years) and a mean of 16 years of education (SD ϭ 1.7) were paid to participate. All participants were native English speakers, with normal or corrected-to-normal vision, no history of neurological or psychiatric disorders, and free from medications known to affect the central nervous system. They had a mean score of 55.0 (SD ϭ 1.3) on the modified Mini-Mental Status Exam (maximum ϭ 57), a measure of global cognitive function (Mayeux, Stern, Rosen, & Leventhal, 1981) . All signed informed consent according to New York State Psychiatric Institute's Institutional Review Board criteria. Participants were paid $15/hr and, with the $10 bonus (see below), the approximate maximum amount participants received was $55/session.
Experimental Procedures and Stimuli
Participants made high-selection decisions (Nessler et al., 2006) on nouns in three encoding blocks. During encoding, an adjective This document is copyrighted by the American Psychological Association or one of its allied publishers.
(lowercase) was presented for 500 ms followed by a 500-ms blank presentation box (see Figure 1 ). The to-be-remembered noun (uppercase) was then presented for 300 ms. Participants were instructed to decide whether the adjective described a feature of the noun and make a choice reaction time (RT) response by pressing the appropriate button with their left or right thumb as quickly as possible. There was a variable intertrial interval (2,400 -2,900 ms) before the next adjective appeared. Nessler et al. (2006) used a variable intertrial interval (ITI) to reduce the effects of processing related to anticipation of the next trial, which can elicit overlapping negativities and thereby contaminate the ERP results. Randomly varying the ITI reduces the impact of such anticipatory activity on ERP averages by temporally decoupling it from task-related potentials. Each encoding block consisted of 60 trials and each was followed, after a 5-min delay, by a recognition test. Two encoding blocks contained a secondary, tone-duration discrimination task. In these DA blocks, 85% of nouns were accompanied by standard tones (550 ms in duration) and 15% by target tones. The tone-duration task was designed to ensure that participants attended to the tones for the entire duration of the early or late interval to determine whether the longer duration tone had been presented. To ensure that the secondary task was difficult and drew resources away from elaborative encoding processes, we determined the duration of the target tone individually prior to the experiment on the basis of task performance. To set each individual's target-tone duration, we created different blocks of trials to determine a target duration that approximated a tone-duration discrimination sensitivity (Pr) level of .40. Each of these blocks included 52 standard tones (550 ms) and 10 target tones of a specified duration (650, 630, 620, 610, 600, or 590 ms). The temporal parameters for the various events in these trials matched those used during the main experimental DA1 and DA2 encoding blocks.
To begin, all participants performed in two blocks, one with a target tone of 650 ms and one with a target tone of 620 ms. Following these two blocks, all participants performed four additional blocks in which target-tone duration was individually chosen on the basis of the participant's performance in the first two blocks. This procedure led to the following target-tone durations: for two participants, 590 ms; for six participants, 600 ms; for seven participants, 610 ms; for one participant, 620 ms; for two participants, 630 ms. Across the 18 participants, mean duration of the target tone was 607 ms (SE ϭ 2.6).
To motivate participants to perform well on the tonediscrimination task, prior to performing the DA conditions, we told them that they would receive an additional $10 if they achieved a tone-discrimination Pr level of .40. However, all participants, regardless of performance level, received the additional $10. Participants were instructed that they were to press an additional button with their right index finger whenever they detected a target tone. Auditory stimuli (1000 Hz, 80 dB SPL) were delivered either early (DA1; 300 -850 ms) or late (DA2; 850 -1,400 ms) after noun onset. The secondary task was indeed difficult, as mean Pr was .25 and .29 in the DA1 and DA2 conditions, respectively. Both mean Pr values differed reliably from zero via t test (ps Ͻ .0001), although they did not differ significantly from one another, t(17) ϭ 0.92, p Ͼ .36. Moreover, as would be expected, performance on the tone-discrimination task when administered alone (Pr ϭ .35) was significantly better than when it accompanied the semantic decision task (Pr ϭ .27, averaged across the early and late tones), t one-tailed (17) ϭ 2.0, p Ͻ .03. The third, FA, encoding block acted as a control condition and therefore had no secondary task.
The stimulus set for the high-selection task consisted of 396 concrete English nouns and 12 adjectives (cheap, expensive, big, small, man-made, natural, light, heavy, narrow, wide, short, tall) , all taken from Nessler et al. (2006) . Nouns appeared only once, whereas adjectives were used repeatedly. In each recognition test, all 60 nouns from the preceding encoding block were intermixed randomly with 60 previously unseen nouns. Studied and new nouns appeared for 300 ms followed by a variable ITI (1,900 -2,400 ms). Participants were instructed to make an old-new response as quickly and accurately as possible. Condition order was rotated across participants. Twenty minutes after the final recognition test, participants were given a surprise recall test in which they had 10 min to freely recall (i.e., write on a sheet of paper) as many words as possible from the three lists.
Electroencephalographic (EEG) Recording
EEG was recorded from 62 scalp sites (sintered Ag/AgCl) in accord with the extended 10 -20 system (Sharbrough et al., 1990) using an Electrocap (Neuromedical Supplies) and an averagedmastoid reference. Horizontal and vertical electrooculogram (EOG) were recorded bipolarly with electrodes placed, respectively, at the outer canthi of both eyes and above and below the left eye. EOG and EEG were recorded continuously (Synamp amplifiers; DC; 100-Hz low-pass filter; 500-Hz digitization rate). Eye movement artifacts were corrected offline (Semlitsch, Anderer, Schuster, & Presslich, 1986) , and remaining artifacts were rejected manually.
Averaging Strategy
Processing on trials with target tones was fundamentally different from that on FA and standard-tone trials because of the addition of response-related (i.e., selection and execution) processing. To ensure that the averaged ERPs reflected more equivalent processing across conditions, we excluded trials with target tones from the averages. Consequently, the range of trials entering the six averages across participants was FA hits, 28 -54; DA1 hits, 24 -50; DA2 hits, 23-52; FA correct rejections (CRs), 18 -53; DA1 CRs, 27-53; DA2 CRs, 28 -52. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Data Analysis
In addition to the analysis of variance (ANOVA) strategy outlined above, the behavioral and ERP data were also analyzed using repeated measures ANOVAs with the within-subjects factor of condition (FA, DA1, DA2). The details about quantification of ERP amplitudes (i.e., temporal intervals, electrode sites) are provided with the presentation of the test results. Electrode sites were chosen based on the locations where surface potential or current source density (CSD) maps revealed maximal brain activity. In all tests involving ERP data, F ratios are reported with GreenhouseGeisser-corrected p values and the epsilon value calculated to correct for nonsphericity (Jennings & Wood, 1976) , along with uncorrected degrees of freedom. Partial 2 is presented as an estimate of main and interaction effect sizes. Tukey's HSD post hoc tests were used to assess within-group main effects and, where appropriate, interaction effects.
Results

Behavioral Data
Encoding. As predicted, overall performance on the semanticselection task was unaffected by the presence of a DA task in either interval. In accord with our previous results, an overall Condition ϫ Match ANOVA revealed that the percentage of no-match decisions was higher than the percentage of match decisions (59.2 Ϯ 2.0 vs. 39.6 Ϯ 1.9, respectively), F(1, 17) ϭ 24.0, p Ͻ .0001, p 2 ϭ .60. Nevertheless, there were no differences in these percentages among the three conditions, F(2, 34) ϭ 2.8, p Ͼ .09, and the Condition ϫ Match interaction was not significant (F Ͻ 1). Based on this lack of differences across conditions, coupled with the fact that "match" and "no-match" decisions cannot be categorized unambiguously into correct or incorrect responses (see Nessler et al., 2006) , we collapsed over match and no-match trials for the remaining analyses. The ANOVA on mean RT also revealed a lack of differences as a function of condition (M FA Ϯ SD ϭ 1,225 Ϯ 148 ms; M DA1 ϭ 1,205 Ϯ 191 ms; M DA2 ϭ 1,162 Ϯ 178 ms), F(2, 34) ϭ 1.75, p Ͼ .19, ε ϭ .96.
Recognition. Presence of the DA task during encoding had the predicted effect of reducing performance on subsequent recognition tests. Table 1 presents mean uncorrected and corrected (i.e., Pr: hits -false alarms) recognition accuracy and response bias (Br) for each condition. For comparison, the young and older adult results from the Nessler et al. (2006) high-selection condition are also presented. These data reveal a dissociation in which the young's subsequent recognition performance for FA-encoded words was at the same high level as that of the young controls in Nessler et al. (2006) , whereas their recognition for DA1-and DA2-encoded words was at the same low level as the older adult group in Nessler et al. (2006) . Planned comparisons performed on the Pr values indicated that subsequent recognition of FA-encoded words was significantly better than for either DA1 -, F(1, 17) Free recall. Recollection-based processing is best assessed with tests of free recall because participants must self-generate the previously studied items. Planned comparisons on the number of items recalled at the end of the experiment revealed significantly greater recall for FA-encoded words (M Ϯ SE ϭ 12.2 Ϯ 0.9) than for either DA1-(M ϭ 7.8 Ϯ 0.9), F(1, 17) ϭ 22.8, p Ͻ .0001, p 2 ϭ .57, or DA2-encoded words (M ϭ 8.2 Ϯ 1.0), F(1, 17) ϭ 18.6, p Ͻ .0001, p 2 ϭ .52. Again, the number of recalled DA1-and DA2-encoded words did not differ (F Ͻ 1).
To summarize, both DA conditions were associated with a pattern of results in young participants that is essentially identical to that reported previously for older participants under FA conditions (e.g., Anderson et al., 2000; Nessler et al., 2006) , with intact semantic retrieval associated with significantly impaired episodic recognition and recall. Hence, the tone-duration discrimination tasks during both the early and late time periods successfully diverted resources away from episodic encoding.
ERP Data
Analyses of the ERP results were conducted in two stages. First, responses to old and new stimuli were compared within each condition to assess both the parietal EM effect and frontal compensatory activity. Second, the appearance of individual differences led us to divide participants into high-and low-performing groups to assess both within-and across-groups differences in frontal compensatory activity. These analyses were performed on Note. Older and young adult data from the high-selection condition of Nessler et al. (2006) are shown for comparison. %Olds ϭ % old words correctly recognized; Pr ϭ hits -false alarms; Br ϭ false alarms/[1 -(hits -false alarms)]; (Snodgrass & Corwin, 1988) .
‫ء‬ All values significantly different from zero via t test (ps Ͻ .0001). This document is copyrighted by the American Psychological Association or one of its allied publishers.
correctly recognized items to not confound memory status with group or condition effects. Recollection-related brain activity. Recollection-related ERP activity elicited in all conditions at left parietal scalp is shown in Figure 2 . Consistent with previous studies, items retrieved from episodic memory (i.e., hits) elicited greater positivity than items not in episodic memory (i.e., CRs) between 500 and 800 ms. As for the behavioral data described earlier, the ERP data from the left parietal (P3) scalp location in the 16 young and 16 older adults from the Nessler et al. (2007) high-selection condition are presented for comparison (see Figure 2C ). Note that whereas the young adults produced a robust and reliable parietal EM effect that was similar in waveshape and magnitude to that for the FA condition in the current experiment, the older adults from the Nessler et al. (2007) study clearly did not.
In the current data, the ERP difference waveforms revealed that this parietal EM effect had the typical left-parietal maximal scalp topography in all conditions (see the topographic maps below the waveforms in Figure 2B ). To determine whether there was a significant parietal EM effect elicited after each encoding condition, we compared the ERP activity in the 500-to 800-ms interval at the left-parietal site (P3) for hits and CRs using paired-samples t tests. These tests revealed the presence of recollection-related brain activity for FA-encoded words, t(17) ϭ 4.6, p ϭ .001, and DA1-encoded words, t(17) ϭ 3.4, p ϭ .003, but not for DA2-encoded words, t(17) ϭ 1.8, p ϭ .09. Planned comparisons on the difference ERPs (i.e., hit -CR) from the P3 site confirmed that the parietal EM effect for FA-encoded words was significantly larger than that for either DA1-, F(1, 17) ϭ 9.50, p Ͻ .007, p 2 ϭ .36, or DA2-encoded words, F(1, 17) ϭ 8.50, p Ͻ .01, p 2 ϭ .33, which did not differ from one another, F(1, 17) ϭ 1.34, p Ͼ .26. Hence, as shown in Figure 3 , the magnitude of the parietal EM effect in the different conditions decreased with recognition performance.
Additional left-frontal brain activity. As shown in Figure 4 (left column), retrieval of DA-encoded words was characterized by ERPs with reduced amplitudes, relative to those elicited by retrieval of FA-encoded words, over two left frontal brain areas in the interval leading up to the old-new decision (i.e., 450 -800 ms). Across-conditions amplitude differences such as these can be due either to reductions in a single pattern of neural generator activity This document is copyrighted by the American Psychological Association or one of its allied publishers.
or the presence of a second, temporally overlapping, pattern of generator activity. In all cases, determining which of these two possibilities is responsible for amplitude changes is accomplished by comparing the scalp distributions of difference ERPs, in which the altered brain activity is isolated, with those of unsubtracted ERPs (e.g., DA1 -FA compared with FA). That is, evidence of a new pattern of brain activity depends on finding that the scalp distribution of the difference ERP is different from that of the "parent" ERPs (see Johnson, 1993 , for further details). As evident from Figure 4 , comparing ERPs elicited in FA and DA1 conditions with the DA1 -FA difference ERPs clearly shows that the difference ERPs are characterized by a unique scalp distribution, which was localized over aLIPFC and dorsolateral prefrontal cortex (DLPFC; i.e., compare CSD maps in the top and middle rows with those in the bottom row). Consistent with the findings that DA1-and DA2-encoded words elicited roughly the same frontal ERP amplitudes during retrieval, the same two foci of activity were apparent in CSD maps of DA2 -FA difference ERPs (not shown). To test the significance of the between-conditions ERP amplitude differences in the 450-to 800-ms interval, we performed planned comparisons using the same strategy as described earlier, separately for aLIPFC (FT7, FC5) and left DLPFC (FC3, FC1) sites. Over left DLPFC, whereas the amplitude difference between the FA and DA1 conditions (collapsed across FC1 and FC3: 1.64 V Ϯ 0.86 vs. 0.66 V Ϯ 0.80, respectively) approached significance, F(1, 17) ϭ 3.27, p Ͻ .08, p 2 ϭ .16, the difference between the FA and DA2 conditions was not significant (0.87 V Ϯ 0.81), F(1, 17) ϭ 1.42, p ϭ .25. In this latter case, however, the Condition ϫ Electrode interaction was marginally significant, F(1, 17) ϭ 3.63, p Ͻ .07, p 2 ϭ .17, because of more reliable amplitude differences at FC1. Over aLIPFC, however, neither the FA versus DA1 nor FA versus DA2 amplitude difference was significant, F(1, 17) ϭ 1.94, p Ͼ .18, p 2 ϭ .10, and F Ͻ 1, respectively. We noted that these frontal FA versus DA amplitude differences were highly variable across participants, suggesting that this might be the cause of the failure to find significant differences. To investigate this possibility, we correlated individuals' FA Pr values with their DA1 -FA amplitude differences. To ensure that correlations were not influenced by the presence of outliers, we used the Robustfit linear regression function in MATLAB. This function uses an iteratively reweighted least-squares algorithm that is less susceptible to the influence of outliers than standard linear regression models. The results showed that better recognition performance was associated with significantly greater ERP amplitude decreases at both aLIPFC (r ϭ Ϫ.539, p Ͻ .02) and left DLPFC (r ϭ Ϫ.522, p Ͻ .03) sites (see Figure 5 ). However, although in the same direction, the equivalent Pr-ERP correlations with DA2 -FA differences were not significant at either aLIPFC (r ϭ Ϫ.331, p ϭ .17) or left DLPFC (r ϭ Ϫ.264, p ϭ .28) sites.
Left frontal activity and recognition performance. To investigate these individual differences further, we created high-and low-performing groups by dividing the data from each condition on the basis of the median FA Pr value, when memory encodingretrieval conditions were optimal for all participants. As would be expected from the data in Figure 5 , this division produced large group differences in retrieval performance, and mean Pr in the high-performing group was significantly better than in the lowperforming group (.84 vs. .63), t(16) ϭ 5.31, p Ͻ .0001 (see Table  2 ). However, when we assessed potential group differences in RT (see Table 2 ) in a Group (low Pr, high Pr) ϫ Condition (FA, DA1, DA2) ϫ Memory Status (old, new) ANOVA, none of the main or interaction effects was significant (Fs Ͻ 3.00, ps Ͼ .10).
Nonetheless, the magnitude of the group differences in memory sensitivity is perhaps best illustrated by the finding that mean Pr for the low-performing group for retrieval of FA-encoded words dropped to the Pr level of the high-performing group for DAencoded words and nearly down to the level of the older adult group in Nessler et al. (2007) . Thus, for the high-performing group, FA-encoded words led to significantly better retrieval than either DA1-, F(1, 8) ϭ 22.5, p Ͻ .001, p 2 ϭ .73, or DA2-encoded words, F(1, 8) ϭ 25.2, p Ͻ .001, p 2 ϭ .76. By contrast and consistent with the lack of differences in their Pr values across conditions, neither of these differences was reliable for the lowperforming group: DA1, F Ͻ1; DA2, F(1, 8) ϭ 2.7, p Ͼ .13.
These group performance differences in Pr were associated with large differences in the frontal ERP activity across conditions for subsequently recognized old words (see Figure 4) . In accord with the lack of a difference between their FA and DA Pr values, the low-performing group's ERP amplitudes over left DLPFC and This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
aLIPFC for FA-encoded words were not different from those elicited by either their DA-encoded words or those elicited by DA-encoded words in the high-performing group. Thus, both within and across groups, the magnitude of the amplitude reductions at both of these frontal sites closely tracked the magnitude of the changes in retrieval performance. As can be seen in the CSD maps of the difference ERPs, the negative foci over left DLPFC and aLIPFC areas observed in the full sample are again present in the high-performing group (see Figure 4 , two left columns, bottom row of maps). The FA versus DA amplitude differences (450 -800 ms) elicited in the high-performing group were tested in Condition (FA vs. DA1 and FA vs. DA2) 
Discussion
A DA paradigm was used to study the effects of diverting resources during episodic encoding on young adults' ability to subsequently retrieve these items. In accord with our hypothesis, compared with normal recognition of FA-encoded words, retrieval of words encoded in both the early and late DA conditions was reduced in healthy young adults to levels typically seen in older adults under FA conditions. Consistent with the idea that elaborative encoding processes were disrupted, DA conditions produced significantly reduced free recall and recollection-related brain activity. By contrast, concomitant semantic recall and semanticselection performance during the encoding task were unaffected by either DA condition. In addition, compared with retrieval of FAencoded words, retrieval of DA-encoded words elicited additional brain activity over left DLPFC and aLIPFC that fits the definition of compensatory activity. Furthermore, the magnitudes of these frontal amplitude reductions, which occurred in the interval preceding the old-new decision, were positively correlated with retrieval performance. Taken together, the findings indicate that the DA tasks interfered with elaborative episodic encoding processes Figure 4 . (Top) Grand-averaged event-related potentials (ERPs) elicited by successfully retrieved old words in all three conditions over dorsolateral prefrontal cortex (DLPFC; FC1) and anterior left inferior prefrontal cortex (aLIPFC; FT7). Averages for the full sample (N ϭ 18) are shown in the left column, and those for the highmemory sensitivity (High Pr, n ϭ 9) and low-memory sensitivity (Low Pr, n ϭ 9) subgroups (based on a median split) are shown in the middle and right columns, respectively. Arrows mark stimulus onset with time markers every 300 ms. (Bottom) Current source density topographic maps showing activity in the full attention (FA) and early divided attention (DA1) ERP averages (first 2 rows) and the DA1 -FA difference averages (last row) in the 450-to 650-ms interval. DA2 ϭ late divided attention condition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
and thereby produced an "age-related episodic-memory deficit" in the young adults, complete with the appearance of compensatory brain activity.
Effect of the DA Manipulations on Subsequent Episodic Retrieval
The purpose of this experiment was to provide evidence of a causal link between older adults' well-documented reductions in pLIPFC activity during encoding and their subsequent episodic retrieval deficit (e.g., Anderson et al., 1998 Anderson et al., , 2000 Cabeza et al., 1997; Grady et al., 1995) . To do this, we introduced a brief tone-duration discrimination task in a temporally specific manner. The occurrence of the DA tasks was targeted, in different blocks, to disrupt encoding processes during either the first or second half of the 300-to 1,400-ms interval when Nessler et al. (2006) found altered encoding-related ERP activity over pLIPFC in their older adult group. In accord with our hypotheses, compared with retrieval of FA-encoded words, the presence of the DA task during both temporal windows produced the same pattern of preserved semantic and deficient episodic memory in healthy young controls that is the hallmark of performance in older adults (cf. Anderson et al., 1998 Anderson et al., , 2000 . Thus, recognition of FA-encoded words was at the same level as that of the young group in Nessler et al. (2007) , whereas retrieval of words encoded during the two DA conditions was reduced to levels that were indistinguishable from those obtained from their older adult group under FA conditions. Indeed, the young's DA2 memory sensitivity score (Pr) here (.58) was virtually identical to that found when their older adult participants performed the same encoding-retrieval task (.57). This result also replicates the magnitude of the DA-induced recognition deficits found in other studies (e.g., Anderson et al., 1998 Anderson et al., , 2000 . Our results thus confirm that, whereas semantic retrieval requires few if any resources, elaborative encoding of episodic memories is a controlled process requiring considerable resources (e.g., Craik & Byrd, 1982; Park et al., 1996) .
The fact that the 300-to 1,400-ms poststimulus interval was crucial for elaborative encoding processes in particular was established by assessing recollection with both behavioral and brain measures. Behaviorally, free recall here was significantly reduced for DA-compared with FA-encoded words in accord with the DA-related decreases in recollection demonstrated previously in young adults (Curran, 2004; Jennings & Jacoby, 1993) . Moreover, using the well-established ERP measure of recollection (Friedman & Johnson, 2000; Johnson, 1995; Mecklinger, 2000; Rugg & Curran, 2007) , we demonstrated that retrieval of DA-encoded words elicited either greatly reduced (i.e., DA1) or no (i.e., DA2) parietal EM effects compared with those elicited during retrieval of FA-encoded words. Because recollection is based on the success of elaborative encoding processes (e.g., Buckner et al., 1999; Craik & Lockhart, 1972; Prince et al., 2007) , the present results indicate that even brief reductions in the availability of resources greatly affect the encoding processes that lead to successful recollection. Given that our DA tasks were targeted to coincide with the occurrence of young-older differences in ERP activity over pLIPFC, the reductions in recall and recollection-related processing suggest that elaborately encoded episodic memories are dependent at least to some extent on processing in pLIPFC. Taken together, the present results provide causal support for the hypothesis that a major determinant of older adults' episodic memory retrieval deficit is an age-related decline in the pool of available processing resources (e.g., Craik & Byrd, 1982; Craik & McDowd, 1987; Kramer & Madden, 2008; Luo, Hendriks, & Craik, 2007; Park et al., 1996) , which leads to inefficient or impoverished processing during episodic encoding. Moreover, the close similarity between the deficits revealed by the behavioral and ERP results for DA-encoded words here and older adults' recollection deficits for FA-encoded words argues against the idea that older adults' memory deficits can be attributed to changes in non-memory- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
related processes (e.g., age-related declines in general-purpose and/or attentional processes). Perhaps more important, this similarity means that older adults' failure to engage elaborative encoding processes is unlikely to be due to any age-related alterations in brain structure and function, raising the possibility that this deficiency might be ameliorated with remedial strategies. Unlike previous studies employing DA tasks (e.g., Anderson et al., 2000; Curran, 2004) , new insights into the functioning of the semantic-episodic interface and the timing of elaborative episodic encoding processes were obtained by controlling precisely when the participants' resources were diverted. For example, the large decrements in recollection-related ERP activity indicate that processing vital to elaborative episodic encoding appears to occur in a 300-to 1,400-ms interval. Overall, the results argue that even healthy young adults, with intact cognitive processes and full resources both before and after each of the 550-ms DA intervals, were unable to adjust the timing of their elaborative processing to counter the effects of the brief secondary task (e.g., delay their onset by several hundred milliseconds or suspend and restart them after the tone ended). Although not conclusive, there were trendlevel differences as a function of when the DA task occurred, with slightly worse recognition performance with DA2-encoded words and no significant parietal EM effect. The reasons for these potential differential effects, however, will require further study. Together, these results suggest that elaborative encoding processes performed in the semantic-episodic interface are temporally constrained within a 300-to 1,400-ms interval, largely uninterruptible and require the continuous availability of sufficient resources.
Several previous attempts to provide support for a causal link between episodic encoding and pLIPFC activity have used transcranial magnetic stimulation (TMS) to study how disruption of activity in this brain region during encoding affects subsequent episodic retrieval. These studies, however, have produced quite minor retrieval deficits, with none even approaching those found here or in other DA studies. In fact, some TMS studies actually found no subsequent retrieval deficits (e.g., Machizawa, Kalla, Walsh, & Otten, 2010) and one even found enhanced episodic retrieval (Köhler, Paus, Buckner, & Milner, 2004) . Hence, it is interesting that the only encoding TMS study that did report subsequent episodic retrieval deficits like those in DA studies or studies of older adults did so only for stimulation of left DLPFC (Rossi et al., 2011) . In addition to demonstrating these localized effects, Rossi and colleagues (2011) determined that, despite trying a wide variety of stimulation intervals, retrieval deficits occurred only when stimulation was delivered in a 500-to 1,400-ms poststimulus interval during encoding. The similarity of their crucial interval to our combined DA1/DA2 intervals is intriguing and raises the possibility that pLIPFC and left DLPFC work together during episodic encoding. In this scheme, pLIPFC would be responsible for operating on and maintaining the retrieved semantic memories in an activated state, whereas left DLPFC would be responsible for the elaboration processes performed in verbal working memory. Hence, older adults' early termination of the selection-related negativity found by Nessler et al. (2006) could signal a failure to maintain retrieved representations in LIPFC, which in turn deprives working memory processes of the basis for elaborative encoding. Finally, it is important to note that, whereas the timing of our DA task interval was determined by that of the young-older encoding-related ERP differences over pLIPFC, the presence of our DA tasks would also disrupt any other resourcedependent processes occurring in parallel in other brain areas (e.g., DLPFC).
Although the young's retrieval performance for DA1-encoded words (Pr ϭ .61) was essentially the same as that for the Nessler et al. (2006) older adult group (Pr ϭ .57) under FA conditions, it highlights a dissociation between the behavioral and brain measures of retrieval. That is, although older adults frequently show no significant parietal EM effect after a single encoding episode in item retrieval tasks (e.g., Nessler et al., 2007 Nessler et al., , 2008 Wolk et al., 2009) , other studies have found small but significantly reduced effects (e.g., Morcom & Rugg, 2004) . As in the Morcom and Rugg study (2004) , a significantly reduced but small parietal EM effect remained here for DA1-encoded words. This small amount of parietal EM effect can be explained by the fact that young adults typically recollect more episodic details about each individual item than older adults (e.g., St Jacques & Levine, 2007). Alternatively, this parietal EM effect may simply reflect the slightly higher performance in the young. Consistent with this idea, words encoded in the DA2 condition, which produced retrieval performance almost identical to the Nessler et al. (2007) older adult group (Pr ϭ .58), also matched the Nessler et al. (2007) results in that they failed to elicit a significant parietal EM effect. It is possible, then, that once retrieval drops below a certain level, there is no opportunity to elicit recollection-related processes in either older adult or healthy young participants.
Taken together, the present results provide strong support for the idea that pLIPFC plays a central role in elaborative episodic encoding and that older adults' altered brain activity in this region, both ERP and hemodynamic, is responsible for at least part of their episodic memory deficit (e.g., Anderson et al., 1998; Cabeza et al., 1997; Grady et al., 1995; Nessler et al., 2007) .
Left Frontal Brain Activity and Compensation
Two additional foci of ERP activity appeared over aLIPFC and left DLPFC when young adults attempted to retrieve DA-encoded words in the interval preceding the old-new decision. Because neither pattern was present during retrieval of FA-encoded words, both fit the definition of "compensatory" activity (e.g., Cabeza et al., 2002) . Unlike all previous studies, however, in which compensatory activity was revealed only in group comparisons (i.e., young vs. older adults), the extra brain activity here was obtained from within-subject, across-conditions comparisons (i.e., FA vs. DA) in both the full sample and high-performing groups. However, in accord with previous reports of compensatory activity in older adults (cf. Anderson et al., 2000; Cabeza et al., 2002) , the magnitude of ERP amplitude decrements at both aLIPFC and left DLPFC during retrieval of DA1-encoded words (DA1-FA) were positively correlated with retrieval performance. This result suggests that the compensatory processes used here reflect individual differences in retrieval ability and retrieval strategies, and therefore are presumably voluntary. This result fits with the suggestion above that the use and efficacy of compensatory processes here would be related to the quality of the antecedent encoding operations, which determine whether there is a sufficient basis on which compensatory processes can operate. Although in the same direction, the equivalent DA2-FA correlations were not significant, reinforcing the idea that activity in the early and late encoding This document is copyrighted by the American Psychological Association or one of its allied publishers.
intervals is not equal. Taken together, the results suggest that, rather than being a function of either aging or reduced brain function, compensatory processes can be recruited in the young when deficiencies in prior elaborative encoding processes reduce their ability to retrieve episodic memories. This interpretation fits well with the scaffolding view in which compensatory activity is a normal cognitive response, across the life span, when a person is faced with increased task (e.g., episodic retrieval) difficulty (e.g., Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2010) . The timing information inherent in the ERP provides new information on the nature and possible roles of this putative compensatory activity. That is, the activity at both frontal foci began early and continued over the 450-to 800-ms interval, with peak activity in both locations occurring at roughly the same time. Given that activity in both locations began well before the old-new categorizations were completed indicates that it was brought online to assist in episodic retrieval. Its early onset also suggests that participants had to decide quickly whether to invoke these extra frontal processes. Given that familiarity judgments have been found to remain intact in older adults under FA encoding conditions (e.g., Jennings & Jacoby, 1993) and in the young under DA conditions (Curran, 2004; Jennings & Jacoby, 1993) , such decisions might rely on some type of rapid judgment based on item familiarity or "oldness." The need to make such rapid, preliminary determinations of possible "oldness" could explain why the majority of the retrieval-ERP relations were larger in highperforming individuals (see Figure 5 ). That is, less elaborately encoded memories would result in weaker traces and fewer items with a familiarity value exceeding the threshold necessary to elicit compensatory processes. Thus, although the overall positive relation between memory performance and increased compensatory activity suggests that it can improve performance, it is also the case that the range of trace strengths over which improvement can occur appears to be limited.
Further investigation of the individual subject differences for FA-encoded words revealed surprisingly large group differences in both retrieval performance and the magnitude of the left frontal ERP effects. Despite being a sample of healthy young people, retrieval performance in the low-performing group for FAencoded words was as low as that for the high-performing group for DA-encoded words. More unexpected was the fact that FA retrieval performance in the low-performing group closely approximated that of the Nessler et al. (2007) older adult group under the same encoding-retrieval conditions. This finding raises the possibility that low-performing participants may have invoked compensatory processes under FA, as well as DA, conditions. This speculation, however, cannot be confirmed because of the lack of FA-DA differences in the low-performing group's ERP amplitudes and the resulting inability to identify the source of their reduced ERP amplitudes.
The nature and role of the cognitive processes underlying compensatory activity in older adults remain unknown. Part of the difficulty in specifying which particular processes are involved lies in the large disparities in cognitive ability between young and old and the use of young-older adult group comparisons to define or study compensatory activity. Thus, our use of within-group comparisons of young adults with intact cognitive abilities can shed light on the nature of the underlying processes. For example, aspects of the present study, including the tasks and locations of the extra left frontal foci for DA-encoded words, closely resemble those in a recent study on the role of aLIPFC in episodic retrieval. Given that aLIPFC has been linked to the controlled activation of semantic memories (e.g., Badre, Poldrack, Pare-Blagoev, Insler, & Wagner, 2005) , Raposo, Han, and Dobbins (2009) sought to test the hypothesis that aLIPFC is also activated as a retrieval aid when episodic memories are difficult to recover (e.g., due to suboptimal encoding). This hypothesis posits that a top-down guided retrieval of semantic memories can be used to create a "semantic elaboration" framework by which episodic retrieval can be facilitated through emphasizing the semantic memories that were activated at the time of encoding. Thus, Raposo et al. created conditions with differing amounts of available semantic information to incorporate in elaborative episodic encoding, which can be seen as roughly analogous to our FA/DA encoding manipulations. Their results supported the interpretation that aLIPFC activation was selfinitiated in a proactive manner to aid in selecting between competing episodic representations. It is noteworthy that left DLPFC also showed greater activation during retrieval of nondistinctive compared with distinctive episodic memories. The locations where Raposo et al. found increased activations for difficult-to-retrieve episodic memories were thus roughly equivalent to our two left frontal scalp foci present during DA retrievals. Moreover, in another result strikingly similar to ours, they reported that the magnitudes of the blood flow increases in both left frontal areas were highly variable across individuals and correlated significantly and positively with episodic retrieval performance. In sum, we think that this type of retrieval aid is a good candidate for both compensatory and scaffolding accounts of the extra brain activity seen in studies of both young and older adult participants during episodic retrieval.
Conclusions
We reproduced all features of older adults' well-documented episodic memory deficit in healthy young adults using a temporally targeted DA paradigm to disrupt processing in the two halves of the 300-to 1,400-ms interval when ERP evidence suggests that there are elaborative episodic encoding failures in older adults. These results thus provide causal support for the idea that older adults' episodic memory deficit has its roots in their failure to engage elaborative encoding processes successfully, which can be attributed to an age-related reduction in controlled processing resources (e.g., Craik & Byrd, 1982) . The finding of extra left frontal ERP activity in young participants when the difficulty of episodic retrieval increased provides new information on the nature of putative "compensatory" processes. Specifically, the fact that altered ERP activity was seen over aLIPFC and left DLPFC for DA-encoded words supports the scaffolding account of compensation, in which the recruitment of additional cognitive processes in the face of momentary increases in task difficulty is an adaptive response across the life span. Finally, the present results validate the use of temporally targeted DA tasks to noninvasively produce cognitive failures to investigate the temporal dynamics of altered processing in older adults and other groups. This technique is likely to be particularly useful given its ability to separate changes in cognition from those due to age-related alterations in brain structure and function. This document is copyrighted by the American Psychological Association or one of its allied publishers.
